As a wave source approaches, an observer encounters waves with a higher frequency. As the wave source moves away, an observer encounters waves with a lower frequency.
Imagine a bug jiggling its legs and bobbing up and down in the middle of a quiet puddle. The crests of the wave it makes are concentric circles, because the wave speed is the same in all directions. If the bug bobs in the water at a constant frequency, the wavelength will be the same for all successive waves. The wave frequency is the same as the bug's bobbing frequency.
The Doppler Effect
The bug maintains the same bobbing frequency as before. However, an observer at B would encounter a higher frequency if the bug is moving toward the observer.
Each crest has to travel farther than the one ahead of it due to the bug's motion.
Each wave crest has a shorter distance to travel so they arrive more frequently.
Calculating the change in Calculating the change in frequency frequency
Imagine a car emitting a continuous sound, speed = v, frequency = f Observer Sound source frequency f
Stationary Source Stationary Source
In a time ∆t, the observer will receive f∆t waves if the source is at rest These waves will occupy a distance v∆t (distance = speed x time)
Number of waves per second
Time in seconds
Sound source frequency f Observer
If the source is now moving with speed u s towards the observer
The same number of waves will have been emitted in time ∆t but this time the waves will occupy a distance of v∆t -u s ∆t u s
Distance moved by waves Distance moved by source
The "new" wavelength λ n = distance occupied by waves number of waves The wave is reflected from the car and is then received back at the emitter with a frequency of 315 Hz. What is the speed of the car? (Take the speed of sound to be 340 m.s -1 ).
The car is approaching the emitter, so the frequency the car receives is given by f n = (1 + u o /v)f = (1 + u/340)300 The car now acts as the emitter of a wave of this frequency (f n ) and the original emitter will now act as the new (stationary) receiver. Thus the frequency received (315 Hz) is given by f = 315 = vf n = 340 x (1 + u/340)300 (v -u s ) (340-u)
From which we find u = 8.29 m.s -1
Sound
The Doppler effect causes the changing pitch of a siren. When a firetruck approaches, the pitch sounds higher than normal because the sound wave crests arrive more frequently. When the firetruck passes and moves away, you hear a drop in pitch because the wave crests are arriving less frequently.
The Doppler Effect
Note: The change in loudness is not the Doppler Effect! It is the shift in frequency!
• Don't forget that the loudness of the sound will also change as a sound source passes an observer
